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The key focus in the paper is on the presentation of the risk assessment model in the optimisation 
design process by establishing the link between the various phases that result in the successful proj-
ect implementation. Through the comparative analysis of the quantitative risk assessment models a 
number of impacts on the design process are shown which occur in different project phases. This 
approach has proved the RAKA model (Risk Analysis by Key-factors Assessment) to be the most 
adequate mathematical model for the assessment of the risks on the project goals in the optimisation 
process of the development of the products for the accomplishing lighting of the open public spaces. 
The particularities of the model are best described by the predetermined criteria which contribute 
to the optimisation of the design process through the quantitative analysis of the project risks, ac-
cording to the predetermined project goals sets. The influence of the risks on the project goals are 
shown by mathematical formulas in which the criteria of the design team are taken into account, 
leading to the efficiency improvement and enhancement in the implementation phases of the project.
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INTRODUCTION
Primary aim of the lighting in a public open 
space is to enable perception of the elements 
in space and provide a safe environment for the 
users in the night hours. The importance of the 
lighting lies in achieving the primary aim through 
yielding a pleasant ambiance and providing a 
desirable visual experience by accentuation of 
the architectural values in space. A favourable 
lighting should provide not only minimal ambi-
ance lighting which reveals the points of risk and 
enables orientation, but also the emphasis on 
the architectural values (Rakonjac et al. 2016).
The optimisation of the lighting design process of 
the public spaces is possible through appropriate 
activity in the development phase of the industrial 
products for public space lighting. The production 
process of the urban lighting equipment is deter-
mined by the requirements which derive from the 
lighting design process which is influenced by the 
user needs, as well as the conditions of the spe-
cific space. Therefore, it is of vital significance to 
determine the requirements and to systematical-
ly follow the process of their fulfilment from the 
very beginning of the development process, by 
documentation and information flow (Ninkovic et 
al. 2012). Every deviation from the requirements 
can be tracked in the later phases of the design 
process in multiple ways. Risk management 
is a very important aspect within this concept.
RISK MANAGEMENT 
Risk management in the design process of the 
projects has been recognised in previous re-
search (Cooper, 2003; Kayis, Arndt, & Zhou, 
2007, Stamenkovic et al. 2011), but it was 
not sufficiently considered in literature, espe-
cially when a new industrial product develop-
ment is aimed  (Keizer, Vos, & Halman, 2005; 
Gidel et al. 2005). Empirical research in this 
field is rarely applied (Oehmen et al. 2014).
The importance of the quantitative risk analysis 
in the design process of the public space light
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ing was presented in the paper (Rakonjac et al. 
2011) along with the mathematical model for 
the assessment of the level of influence of the 
risks to the project goals, by the acronym RAKA 
(Risk Analysis by Key-factors Assessment).
Risk management is the process which is treat-
ed by the model in the industrial product devel-
opment process aimed for the lighting of the 
public spaces. This process is the integral part 
of the project management and it is depicted as 
a system on the Figure 1. The concept of the 
system is based on the impact of the managerial 
structure within the system of the project, devot-
ed to the achievement of certain project goals.
Figure 1: Block diagram of the project management 
process
PM stands for the project management structure, 
while RM stands for project risks management.
The input variables to the system are presented 
by the predetermined project goals, while the 
output variables show the accomplished val-
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The risk represents a disturbance in the system, 
namely an unpredicted change of variables which 
influences the outputs of the system. These dis-
turbances can be generated within system (inter-
nal risks) or outside of the system (external risks).
The disturbance occurrence in the system causes 
deviations of the realised project goals in com-
parison to desired (predetermined) project goals. 
This deviation is called an error. Hence, the very 
notion of disturbance, or risk, is directly attached 
to the notion of error. The equation 3.1 shows the 
error for the i pair of the input-output variables.
(1)
Having in mind the unstable nature of risk, one 
disturbance can lead to the error occurrence 
simultaneously at multiple pairs of input-output 
variables. Also, a set of disturbances can provoke 
an error for one pair of input-output variables.
Since a risk can have positive or negative effect on 
the project goals (PMI 2008, Ward 2010) equiva-
lently the nature of disturbance will result with the 
error occurrence in the system which would be 
characterised as favourable if it has a positive in-
fluence on the project goals, or unfavourable if it 
has negative influence on the project goals. The 
nature of the error is stochastic in most of the 
cases (Gidel et al. 2005, Stanisavljev et al. 2015). 
Figure 2 depicts the characteristic of the error.
Figure 2: Characteristic of the error
The managerial structure of the system inclines 
towards direct, proactive and/or corrective com-
pensation for the disturbance, by means of feed-
back. If the error is favourable, it has to be taken 
advantage of, so that the project goals would be 
met or even surpassed. If the error is unfavour-
able, compensation is needed. To make this pro-
cess feasible, it is necessary to apply some of 
the appropriate models for quantitative assess-
ment of the system disturbance level, i.e. risk.
Based on the previous considerations, as well 
as the known nature and mechanisms for proj-
ect risks quantification, the following systems 
features can be identified:
Input system variables represent the 
desired project goals;
Output system variables represent the 
achieved project goals;
An error occurs by deviation of the achieved 
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System disturbances are project risks.
One disturbance can provoke the 
occurrence of multiple errors in the system;
Multiple disturbances can provoke the 
occurrence of one error in the system;
Probability of the error occurrence in the 
system is directly linked to the probability of 
the risk occurrence;
Probability of (non)detection of the 
error occurrence is directly linked to the 
(non)detection of the risk occurrence,
Probability of the error appearance in the 
system is determined by the probability 
of the occurrence and the probability of 
(non)detection of the system error;
The error magnitude signifies a relative 
measure of deviation of the output to the 
input variable, and it is directly influenced by 
the magnitude of the risk consequences;
The favourable error occurs under the 
effects of risks which are identified as op-
portunities.
The unfavourable error occurs under the ef-
fects of risks which are identified as threats.
The total disturbance level of the system is 
called the risks sum and represented as the 
function of the error occurrence and the er-
ror magnitude. 
Since the set of the systems features is defined, 
one can approach to identifying the available 
mathematical models for the risk assessment.
MODELS FOR THE QUANTITATIVE
PROJECT RISKS ANALYSIS
After all the available approaches were anal-
ysed, their deficiencies were ascertained as well 
as their advantages, the principles for selecting 
the model can be established.
The framework of the model should have the 
quality to enable a wide array of application, and 
the relevant approach towards complexity. The 
model has to be complex to the extent in which 
the project of the public space is complex.
The probability of the risk occurrence is addition-
ally determined by the feature of manifestation, 
namely how the system disturbance is revealed, 
by multiplying the occurrence probability with 












The assessment of the error magnitude, which 
represents the impact or the consequence of the 
risk event on the project goals in terms of the 
plan and the budget, should be displayed by a 
simple function. On the other hand, modelling of 
the technical product features is left to the user, 
given the particularities of the process of the in-
dustrial product development which is subject to 
the project risks quantification. In this case, the 
product is the equipment for the lighting of the 
open public spaces.
There is often confusion when it comes to ter-
minology in the project risks management, and 
the mix up of the notions (Carbone and Tipett, 
2004). It is therefore necessary to uniformly de-
fine the variables.
A comparative view of several available models 
for the risks quantification is provided in the Table 
3.1. The models can be applied on the project of 
industrial product development for the lighting of 
the open public spaces.  
After reviewing the Table 1 it can be noted that 
the models proposed by Carbone and Tippett 
(2004) and by Kerzner (2009) are different from 
the RAKA model since the risks recognised as 
the opportunities are not taken into account. In 
addition, the quantification result has different 
purpose. 
Kerzner (2009) uses the mathematical function 
which determines the risk factor as the multipli-
cation of the failure probability factor and the fail-











stands for the probability of failure and 
C
f 
for the consequence of failure.
The RFMEA (Carbone i Tippett 2004) introduces 
a tool that is relatively simple and intuitive. By 
modification of the standard FMEA format, in the 
RFMEA the concept of risk presentation is ex-
panded by adding the attribute of risk detection. 
In this way, a new value is added to the model 
which allows for more precise calculation of the 
risk level and the priority number of risks. How-
ever, the major drawbacks of this model are in-
capability of generalisation of the variables, and 
the necessity to have internal scales and the risk 
legend.
In the standard FMEA process, modalities of fail-
ure are appraised by occurrence, severity and 
detection of collapse. 
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RAKA model





Browning et al. (2002), 






Terminology Probability of error appearance / Probability, Uncertainty
Probability of 
failure
Probability of error 
occurrence Likelihood / /
Probability of (non) 
detection Detection / /
Error magnitude Impact Consequence, Impact Consequence of failure
Risk (Disturbance) Risk Event Risk Risk
Threats/
opportunities Combined effect Threats Combined effect Threats
Quantification 
Result
Risks sum (the level 





Risk value (the level of risk 
on the project goals)
Risk factor (total 





risk legend [0,1] [0,1]
Table 1: Comparative view of the project risks quantification models
(3)
By multiplying these three values, the risk prior-
ity number (RPN) is obtained:
where  O  stands  for t he occurrence of failure, S 
for the severity of failure, and D for the detection 
of failure.
Besides the risk priority number RFMEA model 
incorporates the risk score as multiplication of 
the likelihood and the impact (Carbone and Tip-
pett 2004).
The risk value method proposed by Browning 
et al. (2002), which is described in more detail 
in the paper from Browning and Hillson (2003) 
represents the model that describes the product 
attributes by the utility functions. The model is 
described by the following equation:
(4)
Even though the risk detection cannot be taken 
in consideration by this model, it is essentially 
very similar to the RAKA model. If the terminol-
ogy distinctions are set aside, as well as the fact 
that RAKA model includes the concept of detec-
tion probability, or probability of not detecting the 
error, depending on the error deriving from ei-
ther opportunity or threat, there are differences 
in the functions which connect these variables. 
The “Risk Value Method” (Browning et al. 2002, 
Browning and Hillson, 2003) has focus on the 
quantitative analysis of highly complex systems, 
presenting the risk value as the integral of the 
multiplication of the probability and the impact 
for all the risk outcomes. On the other hand, 
through the RAKA model the impacts of all the 
risks (both opportunities and threats) which influ-
ence all the project goals are integrated. In this 
way, the approach to the quantification of risks 
sum is simplified, since it is often not possible to 
ascertain the influence of every single risk to the 
deviations of the achieved project goal in com-
parison to the predetermined goal, especially 
when the effects of all the risks are combined.
RPN=OSD
in which   stands for the product attributes, J 
for the vector of  the m attribute of the product, 
and U for the utility function, which assigns one 
number to each option of the given attribute J.
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The above considerations can be explained by 
the formula:
(5)
where the abbreviations stand for: 
  - total number of the 
elements of the project goal set  , 
total number of the elements of the set  





) - number of the elements of the set  
identified as the opportunities, 
 - consequence of the error, where l stands 
for the predefined project goal,
P
e




’-  probability of not detecting the error due to 
the risk classified as the threat,
P
e




’’- probability of detecting the error due to the 
risk classified as the opportunity.
The RAKA model allows for the quantitative as-
sessment of the risks sum for combined effects 
of the identified set of risks on the project goal.
The universal nature of the RAKA model can be 
seen from the fact that all the variables are deter-
mined on the interval, so that there is no need for 
an additional legend or a key to understand the 
quantitative risk levels. Also, this model equally 
encompasses the threats and the opportunities, 
making the quantification of the combined influ-
ence of all the risk events on project goals pos-
sible. This also implies the risk level estimation 
for all the determined project goals, which may 
prove as valuable information in the process of 
risk action planning. The application of the model 
in industrial product development for the lighting 
of the public open spaces particularly contrib-
utes to the advancements in the lighting design 
process. These advancements can foremost be 
identified as the savings of time in the design 
process, and also in the implementation phase 
of the projects of the lighting of the public open 
spaces.
CONCLUSION
It can be concluded that all of the reviewed mod-
els can be applied in practice. However, in cases 
when the focus is on the risk management in the 
optimisation process for the lighting design of the 
public open spaces, it is of critical importance to 
incorporate the combined risks influence on the 
project goals, taking the threats as well as the 
opportunities into account. Of all the presented 
models only the RAKA model makes this ap-
proach possible.
As previously explained, to achieve a successful 
lighting design project of the open public space 
it is important to address the requests that de-
termine needs for undisturbed activities flow, as 
well as obtaining the aesthetic values. This can 
be accomplished through the design of the urban 
lighting equipment, including previously men-
tioned technical and aesthetic features. Consid-
ering that the ergonomic and aesthetic criteria 
are included in the RAKA model, its contribution 
is apparent in the advancement of the lighting 
design process by optimisation of the lighting 
equipment in the development and production 
phases. Since the end users and their needs 
are envisioned by the model, the requirements 
for more efficient functional lighting are better 
met and the security and safety issues more ad-
equately addressed. These improvements can 
be noted in both the design and implementa-
tion phase of the project. On the other hand, by 
emphasizing the aesthetic criteria of the product 
in the risk management model it is possible to 
achieve a step forward in harmonising the urban 
lighting equipment appearance with the archi-
tectural value system. Determination of these 
ergonomic and aesthetic criteria would enable 
more successful light effects achievements in 
the process of design, which contributes to an 
adequate ambience and the space aura.
Considering that the open space lighting can be 
regarded as an obligatory element within any ur-
ban space structure, the RAKA model can also 
be implemented in the field of the trade export 
promotion (Spasojević-Brkić el al. 2015). The 
RAKA model proves as an universal risk as-
sessment model for the urban city spaces de-
sign process, because it answers the need to 
achieve both functional lighting and to accentu-
ate architectural and ambience space values in 
the process of industrial product development 
for the open public space lighting.
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